In this study we examined inputs to neurons in the medial subnucleus of the medial geniculate nucleus (mMG) for changes of synaptic efficacy associated with heart-rate conditioning to an auditory conditioned stimulus (CS). Conditioningrelated changes of synaptic efficacy were measured in awake animals by examining mMG single-unit responses evoked by stimulation of one of two areas that send auditory CS and nonauditory information monosynaptically to the mMG, the brachium of the inferior colliculus (BIC) and the superior colliculus (SC). Synaptic efficacy was measured before, immediately after, and 1 hr after one session of classical conditioning with a tone CS and a cornea1 airpuff unconditioned stimulus. To determine whether conditioning produced changes of synaptic efficacy on the auditory BIC inputs to mMG cells and not general changes of cellular excitability, analyses of synaptic efficacy were performed on the mMG units that exhibited shortlatency evoked responses (~3.5 msec) to both BIC and SC stimulation. Analyses revealed that the BIC but not the SC test stimulus-evoked unit activity from the same neurons exhibited the following changes immediately after conditioning: decreases in unit response latency, increases in unit response reliability, and increases in spike frequency.
BIC-evoked unit responses after pseudoconditioning did not exhibit these changes in unit responding.
These results suggest that the synapses carrying auditory CS information to mMG neurons increase in strength as the result of associative conditioning with an acoustic CS. Some of these changes of synaptic efficacy remained 1 hr after training.
Key words: synaptic efficacy; medial geniculate; plasticity; classical conditioning; heart rate; rabbit A major goal in the neurobiological study of learning is to localize sites of neuronal plasticity within the CNS and to describe the mechanisms of this plasticity. One model of learning that has been used effectively for studying these mechanisms is the classical conditioning of autonomic/behavioral responses through the pairing of acoustic conditioned stimuli (CS) and noxious unconditioned stimuli (US). Using this model, several CNS areas have been implicated as potential sites of plasticity [e.g., medial subnucleus of the medial geniculate nucleus (mMG), amygdala, and auditory cortex]. Of these regions the mMG is particularly interesting, because this may be 'one of the first loci of neuronal plasticity within the conditioning circuit. Learning-related changes in mMG could then influence neuronal changes in other CNS areas (Weinberger et al., 1990; McEchron et al., 1995) . Because of its polymodal organization, mMG receives convergent CS and US information during classical conditioning with acoustic CS. Cells in mMG respond electrophysiologically to both auditory CS and facial somatosensory US information (Love and Scott, 1969; Aitkin, 1973; McEchron et al., 1995) . Furthermore, the mMG receives auditory CS inputs from the inferior colliculus (IC) via the brachium of the IC (BIC) (Moore and Goldberg, 1963, 1966; Kudo and Niimi, 1980a,b; Calford and Aitkin, 1983; LeDoux et al., 1987) and facial somatosensory US inputs from the spinal trigeminal complex (Lund and Webster, 1967; Jones and Burton, 1974; Erzurumlu and Killackey, 1980; Ring and Ganchrow, 1983; Peschanski, 1984; Iwata et al., 1992) . Other areas such as the superior colliculus (SC) also project monosynaptically to mMG (Altman and Carpenter, 1961; Tarlov and Moore, 1966; Martin, 1969; Graham, 1977; Holstege and Collewijn, 1982) .
Several lines of research have suggested that mMG plays an important role in classical conditioning with an acoustic CS. For instance, studies in lesioned mMG have shown that this area is essential for autonomic/behavioral conditioning with an acoustic CS (Jarrell et al., 1986; LeDoux et al., 1986; McCabe et al., 1993) . In addition, electrophysiological studies have shown that mMG neuron responses to an auditory CS change as a function of conditioning (Gabriel et al., 1975; Supple and Kapp, 1989; Edeline and Weinberger, 1992; McEchron et al., 1995) . Although this evidence suggests that neuronal plasticity may occur in mMG, it does not rule out the possibility that plasticity occurs in other CNS areas and is relayed to mMG. Gerren and Weinberger (1983) have provided evidence that plasticity can occur locally in mMG by showing that high-frequency stimulation of BIC produces longlasting electrophysiological changes in mMG. However, it is still unclear whether plasticity in mMG occurs as the result of associative learning, and it is also unclear whether plasticity occurs at auditory CS inputs to mMG cells. Therefore, the present study examined auditory and control inputs to mMG neurons for changes of synaptic efficacy associated with heart-rate (HR) conditioning to an acoustic CS. The efficacy of these synaptic inputs was tested by examining short-latency mMG unit responses evoked by electrical stimulation BIC and SC before, immediately after, and 1 hr after conditioning.
MATERIALS AND METHODS
Subjects. A total of 53 New Zealand albino rabbits of both sexes (2.5-3.5 kg) were used in this investigation.
All animals were maintained on a 12 hr light/dark cycle with food and water provided ad libitum. Surgery. All surgery was conducted under aseptic conditions. Animals were anesthetized with gaseous halothane (2.0-3.0% in 100% oxygen, flow rate 500-600 ccimin) and positioned in a Kopf stereotaxic frame. After a midline incision, cranium exposure, and trephining, animals were stereotaxically implanted with one stereotrode in the right mMG, one stimulating electrode in the right BIG, and one stimulating electrode in the right SC. Jeweler's screws twisted 1-2 mm into the skull were used as a reference and ground for the stereotrode. The tips of the stereotrode were placed in the vicinity of mMG units that responded to auditory-click stimuli.
The tips of the stimulating electrodes were positioned so that low-current pulses (<250 kA, 50 Fsec) consistently evoked short-latency ((3.5 msec from the offset of the pulse) unit responses in mMG.
Dental cement was then used to secure the electrodes in place. , 1980; Gerren and Weinberger, 1983) . Each of these measures was calculated for each set of 50 test pulses at each intensity of each phase of training.
The latency of all unit discharges was calculated using 0.1 msec bins. The mean unit response latency was calculated using the latency of the first spike evoked within a 10 msec period after the offset of each test stimulus. Unit discharges with a latency of >lO msec were not used in the latency calculations.
The mean unit response latency of each set of 50 test stimuli was then used to determine whether the unit responses to each of these test stimuli was time-locked.
A unit response to a test stimulus was time-locked if the first evoked spike occurred within 22.0 msec of the mean response latency. Test stimulus-evoked spike frequency was measured by comparing the number of spikes in the first 10 msec bin after pulse offset with the average of the five 10 msec bins in the baseline period preceding stimulus onset. A standard score was then computed for the change in test stimulus-evoked spike frequency at each test stimulus intensity and phase of training, treating the baseline as sample variance. The baseline frequency of unit discharge was measured by counting the number of spikes fired by a neuron in the 1 set preceding the onset of a test stimulus.
Only the BIC and SC sites that evoked unit responses consistent with a monosynaptic projection were used in the analyses of test stimulation. This criterion was used to provide evidence that changes of synaptic efficacy occurred at the synaptic inputs to neurons in mMG and not in another structure outside of mMG via a polysynaptic connection. In this study, the latency of BIC and SC unit responses evoked antidromically from mMG were as much as 2.5 msec. This antidromic latency measurement, along with a short synaptic delay, suggests that orthodromic mMG units generated monosynaptically from BIC and SC may occur with a latency of as much as 3.5 msec. Thus, individual unit responses that were evoked at a short (<3.5 msec) and fixed latency 
RESULTS
These experiments included 105 mMG single units recorded from 43 animals that received one session of classical or pseudoconditioning. The animals that received classical conditioning exhibited significant conditioned HR responses compared with the animals that received pseudoconditioning (see Training-related changes in test stimulus-evoked unit latency). In 14 of the classically conditioned animals, 19 mMG cells were evoked reliably (>70% timelocked unit discharges) by BIC stimulation at a latency of ~4.5 msec, and 16 cells were evoked reliably by SC stimulation at a latency of <4.0 msec. To determine whether classical conditioning produced changes of synaptic efficacy on the auditory BIC inputs to mMG cells and not general changes of cellular excitability, analyses of synaptic efficacy were performed on only the mMG units that could be evoked by both BIC and SC stimulation. These analyses were also restricted to the mMG units that were evoked reliably and at latencies consistent with a monosynaptic projection. Thus, analyses of synaptic efficacy attributable to classical conditioning were performed on 9 cells (from 7 animals) that could be evoked reliably and at short latencies (~3.5 msec at 1.4-2.0 times threshold) from both BIC and SC. To determine whether changes of synaptic efficacy were attributable to associative learning, analyses were also performed on cells recorded from animals that received pseudoconditioning.
In 11 pseudoconditioned animals, 10 cells were evoked reliably by BIC stimulation at a short latency, and 8 cells were evoked reliably by SC stimulation at a short latency. The priority in this study was to examine the mMG unit responses evoked by both BIC and SC test stimuli in animals that received classical conditioning; therefore, the animals that exhibited both BIC-and SC-evoked unit activity were administered classical conditioning rather than pseudoconditioning. Because of this priority, none of the cells from the pseudoconditioned animals was activated from both sites.
Group comparisons
for test stimulus-evoked unit activity To measure changes of synaptic efficacy, the latency, reliability, and spike frequency of test stimulus-evoked unit responding were analyzed for the pretraining, post-training, and 1 hr post-training phases of stimulation at two threshold intensities. Unit responses could be grouped into only two of the three intensities (0.8-1.4 and 1.4-2.0 times threshold) administered during training because of the heterogeneity of unit response profiles encountered on a single stereotrode during the recording session. Table 1 shows the mean measures of the test stimulus-evoked mMG unit responses for each of the four groups analyzed in this study: unit responses from the neurons evoked reliably by both BIC (BICconditioning group; 9 cells) and SC (SC-conditioning group; 9 cells) test stimulation in classically conditioned animals; unit responses evoked reliably by BIC test stimulation in pseudoconditioned animals (BIC-pseudoconditioning group; 10 cells); and unit responses evoked reliably by SC test stimulation in pseudoconditioned animals (SC-pseudoconditioning group; 8 cells). Table 1 shows that the unit responses of each of the groups were evoked reliably and at a short latency (<3.0 msec at 1.4-2.0 times threshold in the pretraining phase), consistent with monosynaptic projections.
Analyses compared the groups in Table 1 for each of the unit response measures: test stimulus-evoked unit response latency, reliability, and spike frequency. In these analyses the BICconditioning group was compared with the SC-conditioning group to determine the input-specific changes of synaptic efficacy related to conditioning.
The BIC-conditioning group was compared with the BIC-pseudoconditioning group, and the SC-conditioning group was compared with the SC-pseudoconditioning group to determine whether changes of synaptic efficacy were attributable to associative processes. An initial set of repeated-measures ANOVAs was performed on the measures of test stimulus-evoked unit responding using a two-group X two-intensity X three-phase (pretraining, post-training, 1 hr post-training) design. These analyses revealed no significant differences between the groups of unit response measures in the pretraining phase of test stimulation. Therefore, the test stimulus-evoked unit response measures were converted to change scores for purposes of clarity and easier interpretation of the changes of synaptic efficacy that resulted from training. Change scores were computed by subtracting each measure of each intensity calculated in the pretraining phase of stimulation from the corresponding measure calculated in the post-training and 1 hr post-training phases of stimulation. The initial set of ANOVAs also revealed no significant main effects or interactions of intensity; therefore, t test analyses were used for the group comparisons by collapsing across both intensities. A dependent t test was also used for each individual group to determine whether the change in unit responding was significant from pretraining to post-training and from pretraining to 1 hr post-training.
Training-related changes in test stimulus-evoked unit latency Changes of synaptic efficacy were first measured in mMG by analyzing the training-induced change in test stimulus-evoked unit response latency. Figure 2A shows the change in test stimulusevoked unit response latency immediately after training for each of the four groups of unit responses. Immediately after training, the BIC-conditioning group exhibited a significant decrease in the latency of test stimulus-evoked unit responding: t(,,) = 3.36, p = 0.004. The SC-conditioning group showed an increase in the latency of test stimulus-evoked unit responding after training that approached significance: t(,,) = -1.99, p = 0.062. On the other hand, the BIC-pseudoconditioning and SC-pseudoconditioning groups showed no change or showed a small increase in the latency of test stimulus-evoked unit responding after training. Analyses revealed that the change in test stimulus-evoked unit latency for the BIC-conditioning group was significantly different from that of the SC-conditioning group and the BICpseudoconditioning group: t(,,) = -3.48, p = 0.003 and t(,,) = -4.57, p = 0.0001, respectively. These analyses of test stimulusevoked unit response latency suggest that classical conditioning increases the efficacy of the BIC synapses carrying auditory CS information to mMG cells compared with control synapses. Examination of the test stimulus-evoked unit response latency of the 9 individual neurons evoked from both sites in animals that received classical conditioning revealed that 7 of 9 neurons showed decreases in BIC-evoked unit latency, and 6 of 9 neurons showed increases in SC-evoked unit latency immediately after conditioning.
Training-related changes in reliability of test stimulusevoked unit responses Changes of synaptic efficacy were also measured in mMG by analyzing the training-induced change in the reliability of test stimulus-evoked unit responses. The reliability of evoked unit responses was measured as the percentage of time-locked stimulus-evoked unit responses. Figure 2B shows the change in the reliability of test stimulus-evoked unit responses immediately after training for each of the four groups of unit responses. Immediately after training, the BIC-conditioning group exhibited an increase in the reliability of test stimulus-evoked unit responding: t(,,) = -2.47, p = 0.025. On the other hand, the SCconditioning and SC-pseudoconditioning groups showed a decrease in the reliability of test stimulus-evoked unit responding: t(,,) = 2.26, p = 0.037 and t(,,) = 3.80, p = 0.002, respectively.
The BIC-pseudoconditioning group showed only a small decrease in the reliability of evoked unit responding. Analyses revealed that the change in the reliability of test stimulus-evoked unit responding in the BIC-conditioning group was significantly different from that of the SC-conditioning group and the BIC-pseudoconditioning group: t(,,) = 2.89,~ = 0.010 and t(,,) = 2.60,~ = 0.013, respectively. These analyses of test stimulus-evoked unit reliability suggest that classical conditioning increases the efficacy of the BIC synapses carrying auditory CS information to mMG cells compared with control synapses. Examination of the test stimulus-evoked unit response reliability of the 9 individual neurons evoked from both sites in animals that received classical conditioning revealed that 6 of 9 neurons showed increases in BK-evoked unit reliability, and 6 of 9 neurons showed decreases in SC-evoked unit reliability immediately after conditioning.
Training-related changes in test stimulus-evoked spike frequency Analyses of synaptic efficacy were also performed by measuring the training-induced change in test stimulus-evoked mMG spike frequency. Figure 2C shows the change in test stimulus-evoked spike frequency in standard units immediately after training for each of the four groups of unit responses. Immediately after training, the BIC-conditioning group exhibited an increase in test stimulus-evoked spike frequency: t(,,) = -2.43,~ = 0.026. On the other hand, the SC-conditioning and SC-pseudoconditioning In animals that received HR conditioning, neurons in the medial subnucleus of the mMG were activated by test stimuli delivered to both sites, the BIC (black bar, BIGconditioning) and the SC (white bar, SC-conditioning).
In animals that received HR pseudoconditioning, mMG neurons were activated by test stimuli delivered to BIC (bar with thick diagonal lines, BZC-pseudoconditioning) or SC (bar with thin diagonal lines, SC-pseudoconditioning).
Asterisks increases in BIC-evoked spike frequency, and 7 of 9 neurons showed decreases in SC-evoked spike frequency immediately after classical conditioning.
Changes
in spontaneous mMG unit activity The baseline frequency of spontaneous unit discharge before the delivery of test stimuli was analyzed to determine whether the learning-related changes in test stimulus-evoked unit responding were attributable to changes in baseline activity. Table 2 shows the mean baseline unit frequency in the pre-and post-training phase of stimulation for each of the four groups of unit responses. Individual dependent t tests compared the baseline spontaneous unit frequency in the pre-and post-training phases of stimulation for each of the four groups. These tests revealed no significant effects, suggesting that the learning-related changes in test stimulus-evoked unit responding were not attributable to changes in baseline spontaneous unit frequency.
Long-term training-related changes of synaptic efficacy Test stimulus-evoked unit activity was also measured 1 hr posttraining and compared with the activity in the pretraining phase of stimulation to examine the long-term changes in synaptic efficacy. Figure 3 shows the training-induced changes in test stimulusevoked unit latency, reliability, and spike frequency for the four groups of unit responses 1 hr post-training. This figure shows that 1 hr after training the change in unit responding in the BICconditioning group has diminished; however, the relationship of the four groups of unit responses still persists. Specifically, the SC-conditioning group still exhibited a significant change in test stimulus-evoked unit response latency, reliability, and spike frequency 1 hr after training: t(,,) = -2.27,~ = 0.037; tc17) = 3.29, p = 0.004; and t(,,) = 2.11, p = 0.05, respectively. Analyses revealed that the change in test stimulus-evoked unit response reliability and spike frequency in the BIC-conditioning group was significantly different from the SC-conditioning group: t(,,) = 2.38, p = 0.029 and t(,,) = 2.12, p = 0.049, respectively. The BIC-conditioning group, however, was significantly different from the BIC-pseudoconditioning group only on the measure of test In animals that received HR conditioning, neurons in the medial nucleus of the mMG were activated by test stimuli delivered to both sites, the BIC (black bav, BZC-conditioning) and the SC (white bar, SC-coaditioning).
In animals that received HR pseudoconditioning, mMG neurons were activated by test stimuli delivered to BIC (bar with thick diagonal liner, BIG-pseudoconditioning) or SC (bur with thin diagonal lines, SC-pseudoconditioning).
The relationship among the four groups of unit responses suggests that some learning-related synaptic changes may still be evident 1 hr after conditioning.
Asterisks indicate significant group comparisons (p < 0.05). Bars indicate SE.
stimulus-evoked spike frequency: t(,,) = 2.12, p = 0.041. These analyses suggest that some of the conditioning-induced changes of synaptic efficacy at the BIC inputs to mMG cells persist 1 hr after training. However, this finding should be interpreted with caution, because the changes in unit responding in the BIC-conditioning group diminished greatly 1 hr after conditioning. Figure 4 shows example histograms of a neuron evoked by both BIC and SC test stimuli before, immediately after, and 1 hr after classical HR conditioning.
The histograms show an increased number of BIC-evoked unit responses at shorter latencies (2-3 msec after test stimulus onset) immediately after conditioning. After conditioning, BIC test stimulus-evoked activity exhibited an increase in the number of short-latency evoked unit responses. The SC test stimulus-evoked activity was unaffected by conditioning.
The SC-evoked unit activity was relatively unchanged by conditioning.
Latency measures of antidromically activated BIC and SC units The latency of the monosynaptic projections from both sites to mMG was examined by measuring the latency of BIC and SC unit responses activated antidromically from mMG. These antidromic measures were used as a reference to determine whether the latencies of the four groups of orthodromic unit responses recorded during training were consistent with monosynaptic latenties. Tests were performed using 10 animals, which yielded 44 BIC and 27 SC units that were activated antidromically.
The average latency of these antidromically activated units in BIC and SC was 1.52 msec (range 0.5-2.5 msec) and 1.32 msec (range 0.5-2.5 msec), respectively. Collision tests were performed successfully on 20 of the BIC and 10 of the SC units, providing additional evidence that these units were activated antidromically.
The latency of this subset of antidromically activated BIC and SC units was 1.54 msec (range 0.8-2.3 msec) and 1.41 msec (range 0.5-2.5 msec), respectively. Figure 5 shows examples of successful collision tests performed on antidromically activated BIC and SC units. Drifting of the electrode and other technical limitations February 1, 1996, 16( often prevented successful collision tests on the remaining antidromic units. This set of tests suggests that the latencies of the orthodromic units generated from BIC (mean 2.51 msec) and SC (mean 2.48 msec) in the four groups of unit responses recorded during training (at 1.4-2.0 times threshold in the pretraining phase of stimulation)
were consistent with a monosynaptic projection that included a short synaptic delay.
Histological location of stimulating and recording electrodes The locations of the stimulating and recording electrodes implanted in the four groups of animals analyzed in this study are shown on coronal sections in Figure 6 . The tips of the recording electrodes were verified histologically and found to be located within mMG. It is important to note that several of the recording electrodes were implanted near the dorsal border of mMG. Most of the tips of the SC-stimulating electrodes were found to be located in the deep ventral layers of this structure at the rostralcaudal level of the oculomotor nucleus. stimulating electrodes were also found to be located at the rostral-caudal level of the oculomotor nucleus.
Training-related changes of HR responses Figure 7 shows the mean HR responses to the CS across training for the conditioned (n = 7) and pseudoconditioned (n = 11) animals from which the four groups of neurons were recorded. The animals that received classical conditioning exhibited larger bradycardiac responses to the CS during and 1 hr after training compared with the pseudoconditioned animals. An initial t test analysis compared HR responses of the conditioned and pseudoconditioned animals before training and revealed no significant difference: t(,,) = ~0.72,~ = 0.5. The HR changes from baseline on CS test trials were then subjected to a repeated measures ANOVA that included a training groups factor (conditioned and pseudoconditioned animals) and a test trials factor (last test trial of habituation, 2 test trials during training, 1 test trial 1 hr after training). The analysis revealed a significant effect of training groups and test trials: F(,,,,) = 12.22, p = 0.003 and Fc3,48) = 8.54,~ = 0.0001, respectively. Post hoc tests conducted on the test trials effect (mean square within = 58.62) revealed that the HR responding 1 hr after training was greater than on previous test trials. These analyses show that the animals that received classical conditioning exhibited associative responses to the auditory CS as the result of classical HR conditioning.
In these Figure 7 . Mean HR responses to the CS across training for the conditioned (open squares; n = 7) and pseudoconditioned (shaded circles; n = 11) animals from which the four groups of neurons were recorded. The HR responses before, during, and 1 hr after training were computed on CS test trials as the largest bradycardiac response from baseline (beatsimin). Bars indicate SE.
animals, auditory inputs to mMG cells increased in synaptic efficacy.
DISCUSSION
The results of the present study demonstrate that auditory synaptic inputs to mMG neurons increase in strength as a result of classical conditioning with an acoustic CS. Specifically, BIC test stimulus-evoked unit activity exhibited the following changes immediately after conditioning: decreases in unit response latency, increases in unit response reliability, and increases in spike frequency. Conversely, SC-evoked unit responses from the same neurons showed opposite changes in test stimulus-evoked unit responding immediately after conditioning.
Some of these synaptic changes may have persisted for 1 hr after conditioning.
Furthermore, BIC and SC inputs showed no changes or decreases in synaptic efficacy after pseudoconditioning.
Measurement
of learning-related synaptic efficacy in mMG To provide evidence that the training-induced changes in unit responding were attributable to changes in the efficacy of auditory BIC inputs and not to general changes of cellular excitability, analyses of synaptic efficacy were performed using only the mMG units that could be evoked by both BIC and SC stimulation. Because of the technical demands of this type of design, only 9 cells met this criterion; however, the BIC-evoked unit responses exhibited robust learning-related synaptic changes compared with those of the SC control-evoked responses. This is consistent with the notion that the learning-related changes in unit responding were attributable to the strengthening of BIC inputs and not to general cellular changes that would influence both BIC-and SC-evoked responses. Despite these within-cell control procedures, we cannot rule out the possibility that the conditioningrelated alterations in evoked unit responding were caused by threshold changes in BIC axons rather than synaptic strengthening at BIC synapses. For example, tonic depolarization of BIC cells could have lowered the stimulation threshold for these axons, causing a larger afferent fiber volley. Tonic depolarization large J. Neurosci., February 1, 1996 , 76(3):1273 -1283 1281 enough to produce threshold changes, however, would also likely produce increases in spontaneous activity along those fibers as well as a corresponding increase in mMG spontaneous activity. Increases in mMG spontaneous activity were not observed; therefore, the most likely interpretation is that strengthening occurred at BIC synapses.
Only the BIC and SC sites that evoked unit responses consistent with a monosynaptic projection were used in the analyses of synaptic efficacy. This criterion was used to provide evidence that changes of synaptic efficacy occurred at the synaptic inputs to neurons in mMG and not in another structure outside of mMG via a polysynaptic connection. Previous anatomical evidence has shown that IC and SC send monosynaptic projections to mMG neurons. In the present study, antidromic latencies recorded in BIC and SC suggest that the unit responses evoked during training were consistent with latencies of monosynaptic projections. Similar antidromic latencies (1.0-2.0 msec) have been recorded in SC during thalamic stimulation (Chevalier and Deniau, 1984) . Furthermore, experiments examining auditory evoked unit activity suggest that the latency delay from BIC to mMG is -2.5 msec (Ades and Brookhart, 1950) . Together, these studies provide evidence that the latencies of the mMG unit responses evoked in this study (3.0 msec at 1.4-2.0 times threshold, pretraining) were consistent with the latency of monosynaptic projections. The antidromic latency controls, however, do not rule out the possibility that some unit responses recorded during training may have been mediated by a short latency interneuron.
Nevertheless, the evoked unit response latencies do suggest that any conditioningrelated synaptic changes that may have included an interneuron most likely occurred within the structure of mMG.
To provide evidence that the conditioning-related increases of synaptic efficacy were attributable to associative learning, test stimulus-evoked unit response measures were also obtained from animals that received pseudoconditioning.
The priority in this study, however, was to examine mMG unit responses evoked by both BIC and SC test stimuli in animals that received classical conditioning; therefore, animals that exhibited both BIC-and SC-evoked unit activity were administered classical conditioning rather than pseudoconditioning.
Because of this priority, none of the cells from the pseudoconditioned animals were activated from both sites. Clearly, stronger conclusions could be reached if BIC and SC inputs to the same cells were tested during pseudoconditioning. For instance, we cannot rule out the possibility that a different mMG cell population was sampled during pseudoconditioning. Nevertheless, the test stimulus-evoked unit response measures obtained from separate pseudoconditioned animals suggests that neither BIC nor SC synapses increase in efficacy as a result of pseudoconditioning.
This provides evidence that the increases of synaptic efficacy at the BIC inputs were specific to conditioning. It is also important to note that the same procedures were used for the placement of all electrodes, and histological examination revealed no differences in electrode placement between the groups. In addition, a few of the pseudoconditioned cells could be evoked from both sites, but technical failures, such as excessive artifact, precluded obtaining data from one of the sites.
Short-versus long-term changes of synaptic efficacy In this study, most of the conditioning-related changes of synaptic efficacy at the BIC inputs diminished 1 hr after training. The relationship among data from the four groups, however, suggests that some learning-related synaptic changes may still be evident 1 hr after conditioning.
These long-term BIC synaptic changes This large decrease in test stimulus-evoked unit responding in the SC-conditioning group could reflect longterm synaptic depression of the SC-control synapses, independent of the efficacy of the BIC synapses on the same mMG cells. On the other hand, the large decreases in test stimulus-evoked unit reliability and spike frequency in the SC-conditioning and BICpseudoconditioning groups 1 hr after training could be attributable to state changes in the animals caused by the extended training period.
The short-term synaptic changes found in mMG are consistent with a model of learning proposed by Weinberger et al. (1990) , which suggests that neuronal plasticity that develops in mMG could serve to influence other structures in the conditioning circuitry, such as the amygdala and the auditory cortex. Thus, it is possible that short-term learning-related plasticity in mMG serves to influence other structures in which more long-term changes occur. Learning-related changes in mMG neuronal activity, however, have been shown to persist beyond I hr (Edeline and Weinberger, 1992) . This suggests that the synaptic changes in mMG observed in the present study may contribute to long-term neuronal changes in this structure or that the long-term changes in mMG neuronal activity reported in other studies reflect plasticity occurring elsewhere in the conditioning circuitry. This study demonstrated that changes in mMG occur quickly during autonomic conditioning (i.e., ~20 trials). Studies examining neural changes during somatomotor eyeblink conditioning, however, have found that changes in the cerebellum develop more slowly across training (McCormick and Thompson, 1984) . These differences in time course support the notion that these are different classes of conditioned responses that may require distinct neural processes (Lenartz and Weinberger, 1992) . Behavioral evidence also suggests that these paradigms use distinct neural circuits, because lesions of mMG have been shown to disrupt the conditioning of HR responses but not the conditioning of motoric eye responses (Jarrell et al., 1986) .
Anatomical considerations This study provides evidence 'that learning-related synaptic changes can occur in sensory structures such as mMG. Most of the cells examined for changes of synaptic efficacy were situated in the dorsal portion of mMG; however, the ventral portion of mMG and the adjacent posterior intralaminar nucleus are also possible sites of plasticity (LeDoux et al., 1990; Cruikshank et al., 1992; Edeline and Weinberger, 
